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INTRODUCTION 
The industry is hereby challenged t o  i n t e g r a t e  adhesive technology with the  
t o t a l  s t r u c t u r e  requirements i n  l i g h t  of today's d r ive  i n t o  automation/ 
mechanization. The s t a t e  of t h e  a r t  of adhesive technology i s  f a i r l y  w e l l  
meeting t h e  "needs" of t h e  s t r u c t u r a l  designers,  the  processing engineer, 
and the  inspector ,  each on an individual  bas i s .  But the t o t a l  in tegra t ion  
of these needs i n t o  t h e  "factory of t h e  future1' i s  t h e  next co l l ec t ive  
hurdle t o  be achieved. Improved processing parameters t o  f i t  the  needs of 
automation/mechanization w i l l  necess i t a t e  some changes i n  the  adhesive forms, 
formulations, and chemistries. 
ELEMENTS OF BONDING 
I n  addressing the  needs of adhesives f o r  the  aerospace industry,  the  e n t i r e  
s t r u c t u r e  t o  be bonded must be considered. A bonded j o i n t  is only as  good 
a s  the  weakest element of t h e  t o t a l .  Figure 1 shows t h e  elements of a 
typ ica l  bonded j o i n t  i n  an a i r c r a f t  bonded s t ruc tu re .  The adherend, surface 
treatment, primer, adhesive, and core ( i f  sandwich) plus the  processes used 
a l l  must be considered. Figure 2 presents  t h e  s t a t e  of the  a r t  f o r  each of 
these adhesive bonding elements over t h e  pas t  two and one-half decades. 
The Lockheed-Georgia Company has applied bond d s t r u c t u r e  on a i r c r a f t ,  
71, s t a r t i n g  32 years ago on t h e  C-130 (Figure 3) . A s  seen i n  t h i s  f igure ,  
the  appl ica t ions  were f o r  f a i r i n g s ,  secondary s t r u c t u r e  and some control  
surfaces.  The J e t S t a r  (C-140) a i r c r a f t  seen i n  Figure 4, designed i n  1959, 
u t i l i z e d  a l imi ted  amount of bonded s t r u c t u r e  s i m i l a r  t o  t h e  C-130. The 
C-141 (Figure 5)  followed t h e  C-130 by t e n  years ,  i n  1962, and used approx- 
imately 10,000 square f e e t  of bonded honeycomb s t ruc tu res ,  considerably 
more than t h e  C-130. These included severa l  primary s t ruc tu res  plus 
f a i r i n g s ,  leading edges, control  surfaces ,  wing t i p s ,  landing gear doors, 
a f t  cargo doors and other  secondary s t ruc tu re .  The C-5A a i r c r a f t  (Figure 6 )  
used approximately th ree  times a s  much bonded s t r u c t u r e  a s  did the  C-141, 
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Figure 6. C 3  Bonded Structure 
and went i n t o  product ion i n  1966. Primary s t r u c t u r e  t h a t  was bonded 
extended t o  under f loor  bulkheads, cargo f l o o r ,  t roop compartment f l o o r ,  
and p re s su re  bulkheads. A comparison of t h e  honeycomb and metal-to-metal 
bonded s t r u c t u r e  on t h e  fou r  d i f f e r e n t  a i r c r a f t  is  shown i n  F igure  7. 
These f o u r  a i r c r a f t ,  covering over t h r e e  decades, progressed wi th  
adhesive and s u r f a c e  p repa ra t ion  developments up t o  t h e  p re sen t ly  used 
PABST (Primary Adhesive Bonded S t ruc tu re  Technology) type adhesives and 
phosphoric a c i d  anodize on C-130 spa re s  at t h e  cu r r en t  t i m e  ( l92) .  
For most of aerospace 's  bonding needs, aluminum and composites make up t h e  
major i ty  of s u b s t r a t e s  t o  be  bonded. The s u r f a c e  t rea tments  most widely 
used f o r  aluminum are Optimized Fores t  Products Laboratory (OFPL) e t c h ,  
unsealed chromic ac id  anodize, and phosphoric a c i d  anodize. The s u r f a c e  
morphology of t h e s e  t reatments  ( t h e  oxide produced) i s  improved by t h e  
use  of co r ros ion  i n h i b i t o r s  i n  adhesive based primers (3) .  Much work has  
been accomplished on new systems c u r r e n t l y  being used. Most of t h e  cu r r en t  
primers a r e  so lven t  c a r r i e d ,  b u t  environmental p o l l u t i o n  r egu la t ions  a r e  
i nc reas ing ly  r equ i r ing  no so lvent  emission and a s  such a r e  d r iv ing  our needs 
toward aqueous based primers f o r  e i t h e r  spray o r  e lec t ro-depos i ted  : 
processes  ( 4 )  . Seve a1 companies a r e  working on e lec t ro-depos i ted  primers 
t o  meet t h e s e  needs f 5 )  . 
Composite s u b s t r a t e s  ( t h e  r e s i n  mat r ix  composites) need f r e s h  r e s i n  su r f aces  
exposed f o r  wet t ing  by t h e  adhesive o r  adhesive primers.  E i t h e r  pee l  p l y  o r  
g r i t  b l a s t  process  a r e  used t o  provide su r f aces  t h a t  a r e  r e c e p t i v e  t o  
adhesive ma te r i a l s .  Primers w i l l  enjoy increased  use  on composites f o r  
(a )  s u r f a c e  p ro t ec t ions  aga ins t  contamination during shop handling and 
s to rage  and (b) promotion of improved wet t ing  of t h e  cured composite su r f ace  
by t h e  adhesive.  
The adhesive f i lms  a v a i l a b l e  t o  a l l  of us  today a r e  v a s t l y  improved from a 
decade ago (21, b u t  t h e r e  is  an  ever- increasing need f o r  b e t t e r  toughness 
along wi th  hot-wet s t r e n g t h  proper ty  improvements. A t  t h e  same time, we 
need t o  improve t h e  economics of processing by lower cure  temperature,  
longer  out  time, and less s e n s i t i v i t y  t o  s t o r a g e  condi t ions  and cu re  
pressures  ( p r i v a t e  conversa t ions  with S. Westerback, Grumrnan Aerospace 
Corporation; E.  House, Boeing Company; M. Williams, G D / F ~ .  Worth; 3. Morrow, 
Rohr/Ind; M. Lindsey, Lockheed-Georgia Company; B.  Silverman, PRC, I n c . ) .  
The cor ros iveness  of by-products from t h e  cure  process  needs f u r t h e r  
a t t e n t i o n  t o  ensure t h a t  t h e  adhesive m a t e r i a l s  a r e  n e u t r a l  from a cor ros ion  
s tandpoin t .  
The o v e r a l l  adhesive bonding processes  and t h e  manufacturing technologies  
used t o  produce t h e  f i n i s h e d  assembly need cons ide ra t ion  a t  t h e  time of 
s t r u c t u r e  design.  Advanced bonding techniques have not  y e t  been f u l l y  
i n t e g r a t e d  i n t o  bonding f a c i l i t i e s ,  a s  suggested by Figure 8. The adhesive 
bonding and composite f a b r i c a t i o n  f a c t o r i e s  of t h e  f u t u r e  w i l l  encompass 
much automation. These techniques w i l l  encompass many mechanized systems 
tak ing  t h e  human guesswork and v a r i a b l e s  out  of t h e  process.  Increased 
emphasis w i l l  be  placed upon m a t e r i a l  cons is tency ,  narrower to l e rances ,  
and ins t rumenta l  a n a l y s i s  means of v e r i f i c a t i o n  of both t h e  m a t e r i a l  
chemistry and i ts  optimum processing ( 6 )  Adhesives s u p p l i e r s  w i l l  need t o  
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work ever more c lose ly  with s t r u c t u r e  designers,  fac tory  layout engineers, 
process engineers and qua l i ty  assurance personnel i n  t h e  formulation and 
manufacture of new mater ia ls .  
The use of s t r u c t u r a l  adhesive bonding as  the  primary means of sea l ing 
f u e l  c e l l  s t ruc tu res  has  been w e l l  demonstrated by the  F102, F100, 880 
and 990 a i r c r a f t .  Advanced made i n  adhesives and surface  treatments 
make t h i s  approach even more des i rab le  today. Much work is being 
concentrated on in tegra t ing  a11 of the  required elements t o  achieve the  
highest  degree of producibi l i ty  with the  l a t e s t  technology i n  adhesively 
sealed ,  bondedlfastenered f u e l  c e l l  s t r u c t u r e  both i n  f i g h t e r s  (as is 
being accomplished on the  F16), and i n  f u t u r e  t ranspor t  appl ica t ions .  
CONCLUSIONS 
(1) Adhesives have, f o r  t h e  most p a r t ,  kept up with the "needs" of the  
aerospace indust ry ,  normally leading the  rest of the  industry i n  
developments. 
(2) The "wants" of t h e  aerospace industry s t i l l  present a challenge t o  
encompass a l l  elements, achieving a t o t a l l y  in tegra ted  joined and 
sealed  s t r u c t u r a l  system. 
(3) Bet ter  toughness with "hot-wet" s t rength  improvements is desired. 
(4) Lower cure temperatures, longer out times, and improved corrosion 
i n h i b i t i o n  a r e  desired.  
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